SUMMARY : Because of adsorption phenomena, copper sulphate solutions containing traces of protein are less toxic to bacteria in droplets than to similar bacteria in large volumes. With dilute phenol solutions the reverse was found. The quantitative results suggest that the non-flagellate organism studied moves with about 25 times the energy of Brownian motion.
Although much information is available about the killing of bacteria by different chemicals, almost all of it has been obtained from investigations that used volumes of suspensions of the order of 1 ml. or more. Little has been published about the rate of killing of bacteria suspended in droplets owing, for the most part, to the difficulty of adapting the standard viability counting methods for use with such small samples. However, the urea method of measuring bacterial viability (Valentine & Bradfield, 1954) does allow the yo live organisms in small drops to be determined. In outline this method consists of incubating a drop of the suspension under investigation on the film of an electron microscope specimen support placed on a nutrient agar medium containing 3% (w/v) urea. The urea does not stop the growth of any live bacteria in the drop but it does inhibit their division and each develops into a long filamentous form. The dead bacteria remain unaltered in appearance. After about 3 hr. of incubation, the film is fixed in formalin vapour, washed and examined in the electron microscope. A determination of the ratio of long to normal-length organisms then gives a reliable estimate of the ratio of live to dead bacteria originally in the drop. In the experiments now described, this urea method has been used to measure the rate of killing of bacteria by dilute copper sulphate and phenol solutions in drops 0.6 mm. in diameter. Observation of bacteria in drops of this size with the light microscope showed that when the surface tension of the suspending fluid was about that of water, the bacteria arriving at the surface of the drop were held there by surface forces and unable to return to the interior. Within a few minutes, many of the bacteria in a small drop have gathered and remain on the surface and it is here that much of the interaction between them and any chemicals in the drop takes place. Adsorption phenomena may cause the chemical composition of this surface layer to differ from that of the interior and thus it is quite possible that the death-rate of bacteria in droplets containing toxic substances may be entirely different from that in larger volumes of the same suspension. This point is in fact demonstrated by the following experiments.
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METHODS
Bacteria.
A paracolon bacterium designated as D. 201H (Fry & Greaves, 1951) kindly supplied by Dr R. M. Fry was used; it is deposited in the National Collection of Type Cultures (Colindale) as NCTC 9793. It was grown on nutrient agar slopes prepared from the Difco dried product. Suspensions were made by removing sufficient growth from 18 hr. cultures and rapidly suspending it in the solutions under investigation. These were made to contain about 107 bacteria/ml. of which, in all cases, 90 % or more were initially viable as measured by the urea method.
Formation Ofdroplets. A drop of the suspension was taken up immediately in a platinum loop. It was held in the same tube just above the surface of the suspension from which it had been taken. The tube was closed and there was negligible evaporation of the drop in 30 min. which was the longest time involved in these experiments. By bending the platinum wire so that the loop was in a horizontal plane when removed from the liquid, the drop so formed was nearly a perfect sphere and had a diameter of 0.6 mm. After the desired length of time, the drop was transferred for a viability count on to the film of the specimen support. This had already been placed on the nutrient agar containing 3 yo (w/v) urea in a Petri dish warmed to 37". A second drop was taken a t the same time from the bulk suspension and placed on a second film in the same dish. The two samples thus received identical treatment except that in one the bactericidal action took place in a droplet and in the other in a comparatively large volume. The amount of the decrease in the viability in each case will be referred to respectively as killing in the drop and in bulk suspension. It was found that with the weak solutions used the bactericidal action could be stopped immediately the drop was on the film by piercing a very small hole in this with a drawn-out fibre of glass so that the drop diffused into the agar.
Viability counts, Counts were made by the urea method in the manner previously described (Valentine & Bradfield, 1954) . The results given are the mean counts made on three similar drops in each case. The errors quoted are the standard errors of this mean calculated as previously described from the total number of bacteria observed. No significant differences were found in the counts made on similar drops.
RESULTS
Disinfection with copper sulphate
The effect of various concentrations of copper sulphate on the bacteria suspended in 5 ml. volumes was first investigated. As is usual with metallic salts, the toxicity of the copper sulphate was found to be greatly decreased when broth or other material containing soluble protein was also present in solution. Even the small amount of broth carried over with the bacteria from the culture slope had an appreciable protective action. Thus there was markedly greater killing with organisms washed free from this by being shaken 476 R. C. Valentine in distilled water and then centrifuged down, as compared with the killing of unwashed organisms. The results obtained are shown in Table 1 . To study the effect of droplet suspension on the rate of disinfection, 10-SMcopper sulphate solution was used. Suspensions of washed and unwashed organisms were prepared as before and this time viability counts were made on drops (0.6 mm. diameter) as well as on the bulk suspensions. Table 2 shows the yo organisms killed in 30 min. under the various conditions. These results leave little doubt that the bactericidal action of the copper ions was markedly less in the drops than in bulk suspensions with the unwashed organisms, i.e. when a certain amount of soluble protein was also present. Many other similar experiments have always confirmed this point. The difference is less marked with washed organisms and becomes negligible when this washing has been repeated a number of times. The rate of killing of unwashed organisms in drops and in bulk suspensions was then studied by determining the viability of samples at various times up to 20min. Table 3 shows how the yo organisms killed by 3xlO-5~-copper sulphate solution varied with time. After 10 min., the rate of killing in the bulk suspension was at least twice as great as in the drops and increased still further after this.
In order to confirm that the difference between survival in bulk suspensions and in the drops was a true surface effect, the result of adding a surface active agent was investigated. It was found that " Teepol X " even at high concentrations (1/10) had no toxic action on the bacteria. At the same time a 1/10,000 dilution decreased the surface tension of water from 72 to 40 dynes
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cm.-l and at this lowered surface tension the bacteria were seen to move freely from the surface back into the interior of the drop instead of being held by the surface forces. As expected, it was found that there was then no significant difference between the killing in bulk suspensions and in the drops. Table 4 shows the yo of unwashed organisms killed after 15 min. in 3 x 1 0 -5~-copper sulphate, with and without the addition of Teepol at 1/10,000 dilution. Disinfection with phenol Phenol was equally toxic to washed or unwashed organisms. The effect of various concentrations of phenol on the organisms in bulk suspensions and in drops was studied in the same way as the copper sulphate. The results are shown in Table 5 . It is clear that in the two more dilute concentrations used (0.1 and 0.2y0, w/v, phenol) there was markedly more killing in the drops, but with 0.3y0 (w/v) or stronger phenol this effect was no longer observed. A particularly interesting observation here was that there was actually more 478 R. C. Valentine killing in the drops with 0.1 % (w/v) phenol than there was with 0-2 yo (w/v) phenol. The killing after various times in O.lyo (w/v) phenol is shown in 
DISCUSSION
Any dissolved substance that lowers the surface tension of the drop will be adsorbed so that its concentration in the surface layer is greater than in the rest of the drop (Gibbs's adsorption law; see Bull, 1951) . In the case of the experiments with copper sulphate solutions, small amounts of protein were present and these would have concentrated in the surface. As it was found that this protein decreased the toxicity of copper ions, the surface layer of the drop was then less poisonous than the interior. This was confirmed by finding that there was markedly less killing of bacteria in droplets compared with otherwise identical bulk suspensions. The rate of killing was at least twice as great in bulk suspensions as in the drops after about 10 min. If there had been no killing of the bacteria on the surface, then it appears that half the bacteria in the drop must have been on the surface by that time; if there was some killing on the surface, then there must have been rather more than this. It is clear that where the action of a disinfectant is decreased by the presence of protein, droplet suspensions of bacteria may survive concentrations of this disinfectant which are lethal to them when in bulk suspensions. With phenol, on the other hand, which itself lowers surface tension and is thus concentrated on the surface, the opposite result was found. A concentration of 0.1 yo (w/v) phenol that was almost without bactericidal action when tested on bulk suspensions proved to kill nearly half the bacteria in 10 min. when in a droplet. Presumably the increased concentration of phenol in the surface layer was sufficient to kill the bacteria that reached and were held there. That a stronger concentration (0-2y0, w/v) should kill fewer bacteria in the droplets than the 0.1 yo concentration seems a paradox, but can be explained as follows. If, as will be suggested later, much of the motion of the organisms is due to their own active movements, then it may well be that the 092 yo (w/v) phenol, though only beginning to show a slight bactericidal action in bulk, might nevertheless have markedly decreased the speed of motion of the bacteria. Thus when it acted on the organisms in the interior of the drop it may actually have served to prevent them rushing to their death in the more toxic surface layer, With the more dilute phenol solution, the bacteria within the
